Abstract-Power Quality (PQ) problems in power utility
INTRODUCTION
Power quality is a very important issue due to its impact on electricity suppliers, equipment manufactures and customers. Power quality is described as the variation in waveforms of voltage, current and frequency in a power system. It refers to a wide variety of electromagnetic phenomena that characterize the voltage and current at a given time and at a given location in the power system. Both, electric utilities and end users of electrical power are becoming increasingly concerned about the quality of electric power. Sensitive loads such as computers, programmable logic controllers (PLC), variable speed drives (VSD) etc. need high quality supplies. Power quality is an umbrella concept for multitude of individual types of power system disturbances. Quality of supply may be categorized in three parts as reliability, power quality and custom service. Power distribution systems, should ideally provide their customers with an uninterrupted ow of energy with a smooth sinusoidal voltage at the contracted magnitude level and frequency. However, in practice, power systems, especially distribution systems, have numerous nonlinear loads, which significantly affect the quality of the power supply. As a result of these nonlinear loads, the purity of the supply waveform is lost in many places. This ends up producing many power quality problems. The dynamic voltage restorer (DVR) is a definitive solution to address the voltage-related PQ problems. The DVR is placed in series with a sensitive load, must be able to respond quickly to voltage sag and swell. The basic principle of the dynamic voltage restorer is to inject a voltage of required magnitude and frequency, so that it can restore the load side voltage to the desired amplitude and waveform even when the source voltage is unbalanced or distorted. Although, additional functions such as harmonics compensation and reactive power compensation are also integrated to the device. A dynamic voltage restorer is a series-connected custom power device to mitigate voltage sags. The injected voltage is generated either by a voltage-source inverter supported by energy storage or conventionally by an ac dc ac converter or by a direct converter eliminating the dc link. Energy storage makes the DVR unit bulkier and costlier. Also, the dc link imposes a limit on compensation capability of the DVR in terms of magnitude and duration of compensation. Therefore, the topologies that eliminate the dc link and yet retain the same functionalities are potential alternatives. Hence, in this report Storage Less Single Phase Dynamic Voltage Restorer is described to mitigate voltage sag and swell at the critical load end. Throughout the report, the following points such as the literature review, overview of power quality, old technology, present technology, new technique i.e. going to implement are discussed.
III. DYNAMIC VOLTAGE REGULATOR (DVR)
The DVR, a custom power device, is connected in series with the distribution system. It injects voltage into the system in order to compensate the voltage dip in the load side and maintains the load voltage at nominal magnitude.
Figure. 1 Block diagram of Dynamic Voltage Restorer
It comprises of the following components:
A. VOLTAGE SOURCE INVERTER (VSI) A voltage source inverter is a power electronic device consisting of a switching device and a storage device such as battery. VSI can generate a sinusoidal voltage at any required magnitude, phase and frequency. VSI is used to temporarily generate the part of the supply voltage that is missing. IGBT is the newer compact switching device that is used with VSI for DVR operation. The PWM VSI inverter rating is relatively low in voltage and high in current due to the use of step-up injection transformers. There is generally no need for extensive multilevel structures seen in a flexible ac transmission system (FACTS). The most common inverter connections use either a three-level inverter or a conventional threephase Graetz bridge inverter [1] . C. PASSIVE/LC FILTERS The filtering scheme in a DVR can be placed either on the high-voltage side or the inverter side of the series injection transformer. The advantage of the inverter-side filter is that it is on the low-voltage side of the series transformer and is closer to the harmonic source. Using this scheme, the high-order harmonic currents are prevented from penetrating into the series transformer, thus reducing the voltage stress on the transformer.
B. INJECTION/BOOST TRANSFORMER
However, the introduction of the filter inductor causes a voltage drop and phase-angle shift in the fundamental component of the inverter output. This can affect the control scheme of the DVR. While a high-voltage-side filter avoids these problems, high order harmonic currents then do penetrate into the series transformer, thus necessitating a higher rating of the transformer. However, the leakage reactance of the transformer can be used to aid the filtering characteristics [1] . D. ENERGY STORAGE DEVICE Energy storage is required to provide real power to the load when large voltage sags take place. Examples of energy storage are lead-acid batteries, flywheel, superconducting magnetic energy storage (SMES), etc.
For SMES, batteries and capacitors, which are dc devices, solid-state inverters are used in the power conversion system to accept and deliver power. For flywheels, which have rotating components, ac-to-ac conversion is performed. Batteries provide rapid response for either charge or discharge, but the discharge rate is limited by chemical reaction rates so that the available energy depends on the discharge rate. Generally, the DVR has several operating states.  When a voltage sag/swell occurs on the line, the DVR responds by injecting three single-phase voltages in synchronism with the network voltages. Each phase of the injected voltages can be controlled independently or together in magnitude and phase. The DVR draws active power from batteries and supplies this together with reactive power to the load.  When the voltage supply is operating under normal conditions, the DVR operates in a standby mode if the battery is fully charged; or the DVR operates in the self-charging control mode if the batteries need to be recharged.  In the event of a fault or short circuit downstream, the DVR (specifically, the VSI) must be protected against over current flowing through the power semiconductor switches. The rating of the DVR inverters is the limiting factor for normal load current seen in the primary [1] .
IV. POWER TOPOLOGIES OF DVR
As mentioned earlier the function of a DVR is maintaining the voltage supply at the load to its nominal value. There are so many DVRs topologies proposed by the researchers. Normally during disturbances in a network, the DVR injects an appropriate voltage to recover the voltage at the load. In this situation the DVR need to have exchanges active and reactive power with the surrounding system. -Based on Energy Storage, there are two topologies, -Topology with no energy storage -Topology with energy storage
A. TOPOLOGY WITH NO ENERGY STORAGE
Topologies with no Energy storage can be divided into two systems configurations which are system 1 and system 2. The difference between System 1 and System 2 in DVR topologies with no energy storage is that, in system 1 the energy source is from the incoming supply through a passive shunt converter connected to the supply side. While in system 2 energy is taken from the grid connected side through a passive shunt converter connected to the load side [2] . Figure. 2 DVR with no energy storage and supply side connected converter Figure. 3 DVR with no energy storage and load side connected shunt converter DVR topologies with no energy storage use the fact that a significant part of the source voltage continuous maintain during the disturbances, and this source can be used to provide the boost energy required to maintain full power at its nominal voltage.
B. TOPOLOGY WITH ENERGY STORAGE
The stored energy storage supplies the real power requirements of the system when DVR is used for compensation process when there is a disturbance in the distribution system. Flywheels, lead acid batteries, Superconducting Magnetic Energy Storage (SMES) and super capacitor can be used as energy storage devices [2] . In voltage disturbances mitigation such as voltage sag the performance of the DVR can be improved by using energy storage even though storing electrical energy is expensive.
The energy is stored in the DC Link Capacitor. The type of this topology is considered as a simple topology and it can be running with a variable dc-link voltage. The energy storage required to activate the DVR is proportional to the square of the rated dc-link voltage.
Figure.4 DVR with energy storage and with variable dclink voltage

Figure.5 DVR with energy storage and with constant dclink voltage
Energy storage such as SMES, batteries or super capacitors can be used as a direct energy storage which is applied in DVR. The large energy storage is then transferred to the smaller rated dc-link storage using an inverter during the disturbances in the network.
Based on voltage source converter, there are some topologies which are described in different papers. They are as follows, -H-bridge cascade Inverter -Single phase Matrix Converter -Three-phase full bridge inverter
V. TYPE OF CONTROL STRATEGIES IN DVR
The inverter control strategy comprises of two types of control as following:
A. LINEAR CONTROL Linear control is considered as a common method of DVR control. Among, the linear control been used in DVR are feed forward control, feedback control and composite control. Feed forward control is a simple method of DVR. The feed forward control technique does not sense the load voltage and it calculates the injected voltage based on the difference between the pre-sag and during-sag voltages. The feedback control strategy measures the load and the difference between the voltage reference of the load and actual load voltage is injected voltage required [3] .
Figure.6 Inverter control strategy of DVR
The feedback control methods based on state space systems, which can be set up closed-loop poles in order to make faster time response. Both the feed forward and the feedback control strategy may be implemented by scalar or vector control techniques. Composite control strategy is a control method with grid voltage feed forward and load side voltage feedback, which has the strengths of feed-forward and feedback control strategy, so it can improve voltage compensation effect. If the feedback control in the composite control is designed to doubleloop, it can improve system stability, system performance and the adaptability of dynamic load. The combination with feed forward control can improve the system dynamic response rate, shortening the time of compensation significantly.
The control method with inductor current feedback and feed forward load current is designed without series transformers thus the size and cost of a DVR can be reduced.
B. NON LINEAR CONTROL
Due to the usage of power semiconductor switches in the VSI, then the DVR is categorized as non-linear device. In case of when the system is unstable, the model developed does not explicitly control target so all the linear control methods cannot work properly due to their limitation [3] .  Artificial Neural network Control (ANN):One of the non-linear method controls is artificial neural network control (ANN) and it equipped with adaptive and self-organization capacity. ANN control can monitor the nonlinear relationship based on input and output without the detail mathematical model. Normally ANN control can be classified into feed forward neural networks, feedback neural network, local approximation neural networks and fuzzy neural network based on structure. Compensation Techniques in DVR Fig. 7 shows the concept of compensation techniques which is applied in DVR can be divided into two categories as follows,  The reactive power compensation  Active and reactive power compensation
Figure.7 Compensation Technique of A DVR
The methods for injection of missing voltage can be elaborated into pre sag compensation, in-phase compensation and phase advance or minimum energy compensation.
VI. RESULTS AND ANALYSIS
When fault occurs in the system then voltage sag and swell creates in the system. To verify the working of DVR for voltage compensation, a fault with the fault resistance 3 ohm is applied at 240V transmission line for time duration of 100 ms. The waveforms of voltage sag and swell of the system without DVR is shown in Fig.8 . fig. 8 . In fig. 8 also shows a 20% voltage sag initiated at 0.1s and it is kept until 0.2s, with total voltage sag duration of 0.1s. Fig. 9 (a) and (b) show the corresponding load voltage with sag compensation and the voltage injected by the DVR. As a result of DVR, the load voltage is kept at 240V. Its corresponding load voltages are shown in fig.9 (a) where it is possible to see that the compensation method is keeping the load voltages constant at 240V. Hence, Storage less Single Phase DVR can be designed and simulate in MATLAB Simulink. It is also used for mitigation of voltage sag and swells which is a better configuration than a bulky and costly one so that to inject voltage in series with the line to protect sensitive loads. This provides good compensating capability and fast dynamic response to the power quality disturbances like voltage sag and swell.
